Some of the skills that lirms require are obtained only through on-the-job-training. This paper concentrates on the strategic production of skills within the firm. Firms obtain high-quality workers either by training their own (breeding) or by using the open market to bid away workers trained by other firms (raiding). Even when all firms have access to the same technology of production, training, and breeding, it will typically be the case that both breeding and raiding will be pursued, with equal profitability, in equilibrium. Thus, we explain raiding behavior as part of an equilibrium theory. This paper also studies the effect of the decision to train workers on the optimal firm size and the distribution of income.
Introduction
The theory of hierarchical organizations, pioneered by Simon (1957) , Lydall (1968) and Mayer (1960) , seeks to provide explanation for existing income distributions, firm-size distributions, and growth patterns through the internal arrangements used by firms. More recently, the contributions of Lucas (1978) on the size distribution of firms, Williamson (1967) and Calvo and Wellisz (1978) on the optimal size and span of control of the firm, Rosen (1982) and Calvo and Wellisz (1979) on the wage distribution over abilities, and Stiglitz (1975) and Mirrlees (1976) on incentives, supervision schemes, and their motivation, have provided further rationalizations for the observed internal organization of firms, as well as its implications. These papers, as well as others in the field, assume the existence of different types of workers, so that a distribution of ability levels is an exogenously given part of the description of the labor force. However, some of the skills that firms require are obtained only through on-the-job training. [Mincer (1971) provides empirical evidence that on-the-job training accounts for the skills of a large fraction of the work force.] Most readers have seen the familiar request for a 'management consultant wanted with at least live years experience'. It is not *Sobel's work was supported in part by NSF grant SES-8204038. We are grateful to an anonymous referee for helpful comments and to the participants of the 1.0. workshop at UCSD for very helpful suggestions. This paper was presented at the 1983 European meetings of the Econometric Society in Piss, Italy.
0014-2921/83/%3.00 0 1983, Elsevier Science Publishers B.V. (North-Holland) possible to become qualified for this job solely on the basis of innate skill or from training obtained at a professional school. Thus, if the benefits of these skills are sufficiently high, then some firms will find it in their interest to train workers. In this way, one sees that the production (or acquisition) of skills is as fundamental to the efficient internal organization of the firm as the allocation of skills.
This paper concentrates on the production of skills within the firm. We present a model in which equilibrium behavior involves some firms providing costly training to their workers. Moreover, we are able to give conditions under which training is provided by only some of the firms in the industry even though the firms have access to identical technologies. Thus, we can give a justification for the observation that some firms in an industry have a policy of filling positions by promoting personnel from within, while some firms fill positions by hiring from outside.
Just as the supervision models require high-level workers to spend time observing low-level workers and away from direct output-producing activities, we assume that training is provided by high-level workers, who could otherwise be used as direct inputs in production. We then give conditions under which a unique equilibrium exists with two types of active firm: breeding firms, who train their own workers, and raiding firms, who acquire all their trained workers from breeding firms. This type of equilibrium can exist for the following reason. Workers who begin at a raiding firm have no opportunity to obtain training. Thus, untrained workers are willing to work at breeding firms for a lower salary. Indeed, the higher the wage paid to trained workers, and the higher the probability that they will get trained, the lower the wage needed to attract entry-level applicants at a breeding firm. If the wage paid to trained workers is sufficiently high, the breeding firm will train more than it needs for its own purposes in order to save on wages to unskilled workers. The surplus of trained workers is enough to provide an opportunity for raiding firms to enter the industry. The training is not firm specific so that the lower wages paid to untrained workers by breeders is consistent with the standard human-capital theories [see, for example, Becker (1975) ] which suggest that the cost of training should be borne by the workers.
Our model allows us to analyze the effect of training on income distribution and equilibrium firm size as well as the effects of minimum wage legislation on training levels. In particular, we show that the distribution of income becomes more skewed as training costs increase and give conditions under which breeding firms are larger than raiding firms. Rosen (1972) presents a model in which training is considered explicitly. In it firms are able to offer a collection of work activities; some of them involve pure production and no training opportunities while others offer some training opportunities.
The relationship between the marginal rate of transformation of those jobs and market prices determines a firm's hiring (or offer) policy. Our model differs from Rosen's because we introduce training costs in terms of output foregone when skilled labor has to spend time training unskilled labor. Also, we allow firms to compete for skilled labor by choosing wages and training intensities. This lets us characterize market equilibria and exhibit conditions that guarantee the existence of raiding. Raiding does not occur in Rosen's model since all firms follow identical policies.
The model
This section describes the framework in which the analysis of the next section is carried out.
Workers: Workers live for two periods. They are wage takers and seek to maximize the undiscounted sum of expected wages. There are two types of workers, It (for high) and I (for low). In the first period of life all workers are type 1; they become type h workers in the second period if and only if they have been trained in the first period. Workers are perfectly mobile between firms, training is not firm specific, and trained workers can be identified without cost. There is an unlimited supply of I-workers.
Firms: There is an unlimited supply of potential firms. Each has access to the same production technology f(H, L) and training technology g (H) . f (H, L) is the amount of output that can be produced by H h-workers and L I-workers. An h-worker can be used as a direct input in production or in training. g (H) is the number of I-workers that can be trained if H h-workers are devoted to training and at least g(H) I-workers are available to be trained. That is, if a firm hires H h-workers and L I-workers, and devotes a fraction (1 -a) E (0, I] of the h-workers to training, it produces output f(aH, L) as well as training min [L, g(( 1 -a)H)] I-workers. The trained I-workers will be next period's h-workers. A firm that trains workers will be called a breeder. Alternatively, a firm may decide to devote all of its h-workers directly to production, and thereby produce no h-workers itself. Such a firm will be called a raider since it must raid breeding firms in order to obtain trained workers. It is assumed that f is twice continuously differentiable, strictly increasing, strictly concave, and that f(0, L), f(H, 0) 5 0, f(0, 0) ~0, lim H+m MfW=b.+, 22 f (H, L) =0 and f(H,, Lo) > 0 for some H,, and L,. The subscripts denote partial differentiation in the usual way. No training is possible without a positive input, so we assume g(H) =0 for O~H~H,.
For H>H,, g is twice continuously differentiable, strictly increasing, strictly concave, and g'(H)> 1. These standard assumptions guarantee that firms typically have a positive efficient scale of production; the assumption that g'(H) > 1 guarantees that training is effective.
Equilibrium: The paper characterizes the steady-state Nash equilibrium in the factor market. All firms take the output price, which is normalized to one, as given. Strategies consist of, for each firm i, wages wH(i), wf(i), and w:(i) paid to h-workers, first-period I-workers, and second-period I-workers, respectively, input levels of raided h-workers, HR(i), bred h-workers, HE(i), first-period I-workers, L,(i), and second. period I-workers, LJi), and a training level u(i). Strategies for the workers consist of rules that tell them where to work. For the strategies to be in equilibrium it is required that: (a) Workers select firms to maximize their expected income, taking wages as given. That is, (i) an h-worker works for firm j only if
(ii) a second-period I-worker works for firm j only if
(iii) a first-period I-worker works for firm j only if
min Cl, LAWUW -pG))lw4 (9), (3) where GH is the maximum value in (l), and p(i) is the probability of being trained at firm i,
(b) Firms, taking the behavior of the other firms as given, maximize profits subject to attracting workers. That is, firm j picks wH(j), w:(j), wi(j), HR(j), HE(j), L,(j), L,(j), and a(j) to solve:
where GJ$ and 2fi are the maximum values in (2) and (3), respectively, and p=min [l,g((l-u) 
(c) Supply and demand for labor are equal. That is,
The interpretation of condition (a) is straightforward. Workers, taking wages as given, select a firm that maximizes their expected wage. Notice that condition (a.iii) assumes that untrained workers believe that they will only be able to work for the firm they started with. If L2 < L,( 1 -p) so that the firm is not hiring enough second-period I-workers to offer jobs to all of the untrained workers, then this is taken into account; min [l, LJL,(l -p)]wi should be interpreted as an untrained worker's expected second-period wage. Condition (b) is the maximization problem of the firm. In principle, firms are allowed to breed and raid h-workers, and fire or hire untrained I-workers. Condition (c) simply balances the labor market.
A few observations simplfy the search for equilibria. Since trained workers are a necessary input, all active firms must be able to attract them, so there is a uniform high wage, wH. Similarly, there is a uniform wage, w$, paid to untrained second-year workers. Condition (a.i) implies that h-workers can work in unskilled jobs; it follows that wH 2 ti is needed to attract h-workers to skilled jobs. In order to fultil a worker's expectations, untrained workers must be retained by their employer; otherwise they could be hired for wages below w$. Thus, in equilibrium I-workers will not be mobile. To attract entry-level workers, all active firms must offer the same expected wage, 2w, to entry-level workers. Finally, w = w$ in equilibrium. If w > w$, then it would be profitable for firms to train no workers, and hire only second-period untrained workers or workers trained by other firms. On the other hand, w 2 w4 because firms solve:
, differentiation with respect to L, and L2 imply that where the inequalities are not necessarily equalities due to the kink in the last term of (B). (4) implies that wzti so, by our earlier observation w= wf: in equilibrium.
Turning to firm behavior in equilibrium, observe that firms will retain all of their untrained workers, that is, for each firm i,
This follows because the partial derivative of the objective function in (B) with respect to Lz is strictly positive (equal to f2) whenever
Also, it is never necessary for a firm to both breed and raid h-workers in equilibrium. To see this note that HR and HB enter the objective function in (A) only through the sum H = HR + HB. Therefore, a firm that sets HR > 0 will do no worse by letting HR = H and HB =O. This change might improve profits because it weakens the g(( 1 -a)(HR + HB)) 2 HB constraint. Finally, free entry guarantees that all firms make zero profits in equilibrium.
The remarks made above allow us to restrict attention to an equilibrium characterized by two types of firm, raiders who train no workers, and breeders who produce all of the h-workers that they need. These firms offer wages ti to h-workers, w to second-period I-workers, and an entry-level wage that brings the average wage to w. Therefore, since the probability of receiving training is zero at raiding firms, all workers at these firms earn w in both periods, but the breeding firms pay w'-such that
where p is the probability of acquiring training. In equilibrium, therefore, firms either solve: It follows that firms face a problem of joint production. They can engage solely in the production of output or can produce skilled labor as well. When skilled labor is essential for production, some firms must train workers. Whether to engage in joint production depends on its profitability relative to production of output alone. In equilibrium, free entry guarantees that both activities earn normal profits.
The next section will construct an equilibrium by analyzing the problems (C) and (D). However, some of the features of equilibrium should be clear. If both breeding firms and raiding firms are active then raiders pay I-workers more than breeders do. This is because entry-level workers at raiding firms give up all opportunity to earn w H. Breeding firms are willing to train more h-workers than they need because a policy of training leads to the ability to lower entry level wages. In the second period of a worker's life his wage is w if he has not been trained. This is true even for untrained workers at breeding firms because the possibility of gaining training is no longer of value to them. In this equilibrium untrained workers are not mobile, but some trained workers move to raiding firms. Worker's expectations are realized. Notice that it is not necessary for raiding firms to observe the training process or to be able to identify trained workers directly. Instead, the raiders could hire any worker offered wH by a breeding firm.
Main results
In this section the equilibrium of the labor market is characterized. The characterization is done in a series of steps. The idea of the argument is as follows. There is a one-parameter family of wages that yields zero profits for the breeding firms. We parameterize this family by wEI, the wage paid to high-ability workers, and show that profit to the raiding firms is decreasing in wH. Combined with the observations that breeding firms train more workers than they use themselves whenever ti exceeds some number A, and, in certain circumstances, that raider's profits are positive at wr'= A, we can conclude that there is a unique set of wages that lead to zero profits for both types of firm. A verification shows that these wages form an equilibrium. Lemma 1. There is an 4 >O such that for each wH>A there exists unique values w, wL, a, H, and L that satisfy (5) and such that a, H, and L solve (D) given wH, w, and ti. That is, given w H, there is a unique solution to a breeder's profit-maximization problem that yields zero profits.
The proofs of Lemmas l-5 are in the appendix.
Notice that the parameter values w, wL, a, H, and L that yield zero profits in the solution to (D) for a given wH vary continuously with wH. We will let ti(w"), @'(w"), (i(wH), fi(wH), and &w") denote the functional relationships. Since the objective function in (D) is non-decreasing in W" and decreasing in w, it follows that ti(w") is non-increasing; +(wH) will be strictly increasing whenever the g ((1 -a) Lemmas 1 and 2 combine to describe how the wages generating zero profits for a breeder depend on w a. For relatively low values of wH, a breeder will train only enough workers to meet its own demands. In these cases, a breeder's profit does not depend on wH and neither do the other wages and input values. 
fU-G(Hh2L -HI-w+A=o,
f for some 220. Here G is the inverse of g. Conditions (6), (7), and (8) are derived from the bagrangian expression
in the usual way; (6) and (7) imply that the partial derivatives of (11) with respect to H and L are zero, and (8) is the complementary-slackness condition. Condition (9) defines a since g(( 1 -a)@ =H, and (10) is the zeroprofit condition. Since 4 was defined to be the lowest wage at which positive profits could be made, w = A.
In order to compute a raider's profit at wages that yield zero profits for the breeder it is necessary to characterize ;I, the value of wH at which the g(( 1 -a)H) 2 H constraint loosens. At iI, it must be the case that (12) ~i(aH,L)-g'((l-~)Ei)(l-~[A-a+~-a=o, (13) the first-order conditions of the unconstrained problem (E), are satisfied. Combining (12) and (13), it follows that A is determined from 4, H, L, and a by fi(QdY,L)-A=O.
The next two results verify that a raiding firm's profit depends on input prices in the usual way. This leads to a characterization of equilibrium wages.
Lemma 3. If a raiding firm takes the wages wH and G(wH) as given, then its profits are strictly decreasing in wH whenever these profits are positive.
Lemma 4. If a raiding Jirm can make positive profits when wH = A and w =A, then there exists a unique tiH such that a profit-maximizing raiding firm that takes iCH and KJ= CJ($~) as given operates at positive levels and makes zero projts.
Provided a raiding firm can make positive profits at w"=8 and w =$(A) =A, Lemmas 1 through 4 characterize a single potential equilibrium given by the wages WH, W, and CL= tiL(GH). At these wages, both breeders and raiders operate at positive levels of production and, if they select inputs optimally, they earn zero profits. Moreover, breeders produce a surplus of high-quality workers, so raiding is possible without limiting the availability of trained workers for breeders. Furthermore, no other wages that satisfy (5) have these properties. In order to show that the wages Gn, @, and KJ' actually support an equilibrium, it remains to show that it does not pay a firm to offer workers a different wage contract.
Given the wages WH, W, and CL a firm considering raiding must offer a high wage at least as great as KJ~ to attract high workers, and a wage at least as great as W to attract low workers, who could earn W by working for another firm. Therefore, since a raider's profits are decreasing in w and wH, it will never pay a raiding firm to offer wages that differ from KJ and W".
Breeding firms can do no better either. First observe that breeders do not want to raid since the g((1 -a)H) 2H constraint is not restrictive at 9,". Also, they must offer h-workers at least w -H. In addition, offering I-workers wages below ti, in exchange for a higher wage wH if trained, is not effective. By the definition of equilibrium, all workers -whether they work for a defecting firm or not -will expect to earn wH if trained. Therefore, untrained workers will not be attracted to the defecting firm at wages below w'. Thus, since all breeders must offer wages (w*, &)z(tiH, GL) to attract workers, these wages support an equilibrium.
It may be more realistic to modify the definition of equilibrium so that a trained worker expects to work for either a raiding firm or the firm that trains him. Under this assumption, it is possible for a breeding firm to attract l-workers by offering a wage zL< KJ' in exchange for a high wage zH>ti because the only way for a worker to receive zH is by working for a period at zL. However, it turns out that even in this situation it does not pay a breeder to offer wages different from KJ' and WH. To see this, suppose that a breeding firm offers h-workers the wage zHz WH. If the firm uses inputs H and L, training parameter a, and offers a low wage z' and an average wage to untrained workers z, then an entry-level worker expects to earn
where 1 -g((l -a)H)/L is the probability that the worker does not get trained and therefore earns ti in period two, H/L is the probability that the worker receives a high-level job at the firm he entered, earning zH, and (g((1 -a)If) -H)/L is the probability that the worker is trained, but must find a job elsewhere, earning w H Therefore, a breeding firm can attract workers at . wages 4 and z" provided that zH BGH and ~2% It follows that a breeding firm considering defection faces the problem, pick z, zH, zL, a, H, and L to solve 09 maxf(aH, 2L- 
where z is defined in (15). Since the objective function in (F) is decreasing in 4 and z is increasing in zL, the zz KJ constraint will be binding in the solution to (F). Substituting this constraint into the objective function yields f(aH, 2L-g(( 1 -a)H)) + w"(g (( 1 -a) H) -H) -2KJL, independent of a. Thus (F) reduces to the problem that a breeder would face if it took wages as given. It follows from the definitions of KJ and d" that no breeder can make positive profits. Notice that this discussion also shows that breeders will not choose to vary the level of untrained workers that they employ, either by hiring other I-workers or reducing the average wage of the I-workers that they did not train. This follows because profit does not depend on second-period wages. We are now able to conclude that fiL, $, and CJ" determine the unique equilibrium provided that the raider can make positive profits at w=+(a) =A and wH = A. At equilibrium wages both types of firms make zero profits and keep the workers that they hire and do not train. Moreover, breeding firms produce more trained workers than they need. However, our free-entry condition guarantees that there will be enough raiding firms to absorb the excess supply of h-workers.
If the raiding firm cannot make positive profits at the wages wH=A and w=& then at these wages, there is an equilibrium in which no raiding occurs. To see this, notice first that raiding firms are not viable by assumption. Next, at these wages breeding firms train exactly the number of h-workers they need and earn zero profits. The arguments presented earlier imply that breeders do not benefit from offering different wages. This completes the construction of equilibrium. We summarize the results in Proposition 1.
Proposition I. If raiding firms can make positive profits at wages that induce the breeding firms to train more workers than they need, then there exists an equilibrium in which both breeders and raiders are active. Otherwise, only breeders are active.
The nature of equilibrium can be clarified. We can provide conditions on the technology that guarantee that equilibrium involves active raiders. The next two results will be stated and proved for the case where the Lzg((l -a)H) constraint is not binding. The results hold, with only a minor reinterpretation, when the constraint binds. If H-G(HJ does not approach zero, then fi approaches zero, so that w approaches zero. However, in that case the optimizing choice of L would lead to positive profits, contradicting (17).
Proposition 2 says that raiding firms will be active in equilibrium if trained workers are productive enough. The result is sensible. As the marginal productivity of h-workers increases, their equilibrium wage will increase, and increasing wa makes it profitable for breeding firms to train more workers than they need themselves. A similar proposition -that increasing the differential productivity between h-workers and I-workers tends to make raiding viable -can be established by making the parameter c influence an l-worker's productivity.
It there are no raiding firms in equilibrium, then all firms train exactly as many h-workers as they need. It is possible that this involves training all of the entry-level workers, but this need not be the case. In their second period, trained workers earn wH. If raiding is profitable, then breeding firms train more workers than they actually need. Some of the trained workers stay with the firm, while others move to other jobs, but all earn w". The workers who do not get trained also earn a higher wage. This is because they sacrificed earning potential in the first period in order to have an opportunity to obtain a skill. Since workers live for only two periods, untrained workers will not forfeit wages for a chance to be trained in their second period.
The next result establishes a sense in which equilibrium is efficient. Let Ho be defined by
so that Ho =G(H*), where H* is defined in (16). When Ho h-workers are used for training, g(H)/H, the number of workers trained per unit of training is maximized. Thus, breeders would use Ho h-workers for training if the industry equilibrium is efficient. Proposition 3 shows that this is the case.
Proposition 3. If the breeding firms hire more l-workers than they train and there is raiding in equilibrium, then g'(( 1 -a)R) =g(( 1 -ii)R)/(( 1 -ti)R).
Proof The first-order conditions associated with a breeder's protitmaximization problem (E) imply that
f&s, 2Lg((l -Li)R)) =*.
On the other hand, both breeders and raiders make zero profits in equilibrium. Moreover, (20) and (21) imply that the optimizing inputs of the raider are iiR h-workers and 2E-g(( 1 -ti)R) I-workers. Hence,
where (22) and (23) are zero-profit conditions for breeders and raiders, respectively. Combining (22) and (23) yields
The proposition follows from (19) and (24).
The intuition behind Proposition 3 is that breeding firms acting alone will pick training levels to satisfy (19). This is because the left-hand side of (19) gives the cost of devoting another h-worker to training, and the right-hand side gives the gains associated with an increase in the probability of training that result from the reduced first-period salary needed to attract I-workers. On the other hand, the ability to raid causes the savings from internal training, p(wa-w) per worker or g(wH-w) in total, to increase. The value of wH-w will be increased until the additional cost of I-workers to raiders balances off the savings available to firms that can use all of their h-workers as productive inputs. Hence, (24) is needed to equalize profit. Proposition 3 need not hold if breeders tram all of their entry-level employees; in this case the number of h-workers devoted to training will be no greater than Ho.
Proposition 3 can also be understood in the following way. Because Iworkers do not lose productivity when they are being trained, the training process can be thought of as separate 'night school' operated in conjunction with some firms. Only I-workers hired by breeders are allowed to go to these schools; the wage differential w-& can be thought of as tuition. By our assumptions on the breeding technology, the efficient number of training schools is independent of the efficient number of firms. When there is room for more firms that just produce output than for training firms, some firms are raiders and training is provided at the efficient level. However, since training can take place only in connection with production, more than the efficient number of workers will be trained when the efficient number of training outlets exceeds the efficient number of firms. In this case raiders are not active in equilibrium.
Proposition 3 can be used to see how the technology influences the distribution of wages. A natural measure of the wage distribution in the industry is the ratio w/wH, since w is the expected income of a worker and wn is the wage of an h-worker.
Proposition 4. Consider a family of technologies f (H, L, c) indexed by c. Zf raiders are active in equilibrium, and breeding firms do not train all of their l-workers, then wn/w is independent of c.
Proof
Proposition 3, (18) and (19) show that w"/(w"-w) =g'(H'), so that the optimal wage ratio depends only on g.
Thus, changes in f change the distribution of wages only when raiders are not viable or if the breeders train all of the l-workers. Otherwise, wages adjust to keep the level of training at its optimal level. Since this level depends only on g in our model, Proposition 4 follows.
The next result says that the distribution of income becomes more skewed the more costly training is. Since workers must bear the cost of training, non-firm-specific human-capital theory predicts the result. 
where subscripts denote derivatives in the usual way. It follows from (26) that wH/w is increasing if and only if wF>O. The proposition follows from ti > w and (25).
Thus uniform changes in the training technology makes wages move in opposite directions. Less expensive training makes wH go down, decreasing the relative wage differential, while more expensive training makes h-workers more valuable, which is reflected in a higher wage differential.
In our model breeders and raiders have access to the same technologies. Does the decision to engage in training have any implications on the optimum firm size? Proposition 6. If raiding firms are active in equilibrium and breeding firms do not train all of their l-workers, then breeders and raiders have equal outputs. If breeders train all of their l-workers, then a breeder's output exceeds a raider's output if and only if fifiz>f2fil.
Proof. When some l-workers are not trained, the proposition follows directly from the observation that the first-order conditions characterizing the solution to a breeder's problem [(20) and (21)] also characterize the solution to a raider's problem. Therefore, the raider will hire ciR h-workers and have a total of 2L-g((1 -a)@ l-workers and the outputs of the two types of firm will be equal.
When breeding firms train all of their I-workers, then the problems of raiders and breeders differ. Formally, if H and L are the direct inputs to production, then f,(H, L) = WH and f,(H, L) = w -1, where 1=0 for raiders and 1>0 for breeders when their I-worker constraint is binding. A straightforward argument shows that increasing Iz increases output if and only if fi fi2 > fifll, establishing the proposition.
Proposition 6 does not say that the inputs of the two types of firm will be the same. Indeed, since breeders must use some of their h-workers to train l-workers, breeders need to hire more h-workers. If all of the l-workers hired by the breeder are trained, then Proposition 6 suggests that raiders will have smaller outputs. Because raiders are not constrained to hire l-workers to train them, a binding Lzg(( 1 -a)H) constraint makes the shadow wage of l-workers lower for breeders than for raiders. This will always cause breeders to use more 1 -workers than raiders. It will cause the output of breeders to exceed that of raiders whenever fill2 > fifil; in particular, whenever fi2 >O so that lowering the wage of one type of workers increases the demand for the other type.
In our model, there are no restrictions imposed on wages. If all wages had to be at least M, then equilibrium would not exist whenever M exceeded iVL, the wage that breeders pay to untrained workers. Potential breeding firms would have no incentive to train workers because they would be unable to recover the cost of training. Lowering the wages of trained workers will not be sustainable since raiding firms will appropriate the trained workers. This result can be interpreted in several ways. First, it says that training programs or subsidies to firms engaging in training programs may be needed in conjunction with minimum-wage legislation in order to guarantee adequate supplies of high-quality labor. Alternatively, firms can be induced to train their own workers if there is legislation that prevents raiding. Second, in a model in which skill levels are determined endogenously, equilibrium might still exist in the model, but at lower equilibrium levels of training. Although the adverse effects of minimum-wage legislation on training have been demonstrated in empirical literature [for example, Fleischer (198 l) , Tauchen (1981) , and Leighton and Mincer (1981) ], their theoretical foundations are less well established.
Conclusions and extensions
This paper presents a model that describes how skills are developed within a firm. In order to obtain essential inputs, some firms must use resources to train workers. Since the skills acquired are not firm specific, workers are willing to pay for the training by taking. lower wages in training period in exchange for the prospect of a greater earning potential in the future. Even with identical technologies, industry equilibrium may involve asymmetric behavior. If there is a fixed cost associated with training, then there are situations in which some firms engage in training. while others do not.
Several aspects of the model could be extended without trouble. We could assume that breeding firms train all of their new workers and promote only those who have shown some degree of proficiency. Our formulation is conceptually equivalent to this, but the implementation is slightly different. For example, we could think of a labor force composed of workers who are ex ante identical. (to themselves as well as to firms) but differ in an unobservable potential /? such that the greater the /I, the fewer efficiency units of training needed to acquire the high-ability skills. If g(aH, L) gives the number of efficiency units per worker spent on training, then we can say that all workers with /3>g(aN, L) will successfully complete the training. Letting K(p) be the fraction of ability levels less than or equal to 8, it follows that the probability of successfully completing the training is 1 -K(g(aH, L)). Our analysis applies directly to this formulation. However, in this setting, the time spent training low-ability workers is wasted, leading to a loss in welfare not present in the earlier formulation. If workers have better information about fi than firms, then firms could implement contracts [see Salop and Salop (1976) or Guasch and Weiss (1982) ] that sort workers into ability classes in order to reduce training costs.
As we have presented our model, the skill levels of the H's and L's are fixed exogenously. The model can be extended to allow firms to choose the optimal skill level. Normalize the skill level of I-workers and let I denote the skill level of the h-workers trained. The production function could be written f(arH,L). In equilibrium, the skill level selected by the firm is the same as that of the current h-workers. Thus, wages and skills are determined endogenously. In this framework, it would be possible to examine the distribution of skill levels and the associated income distributions, and to measure the skewness of income distributions as a function of equilibrium skill levels.
In our formulation a worker's effort level is fixed. If workers could control their level of effort and effort is imperfectly observed by firms, then firms would need to construct incentive schemes that induce appropriate effort levels. Then it may be possible to combine the recent results of Lazear and Rosen (1981) and Nalebuff and Stiglitz (1982) with our approach to analyze the implications of effort supervision and training on the internal structure of the fum and income distribution.
